Post-synthetic procedure has been proposed using organo-titanium compounds as Ti source in toluene or aqueous solution to prepare Ti-MCM-41. Ti-MCM-Tn, prepared using Ti-source dissolved in toluene solution, exhibited well-defined 2d-hexagonal structure, and octahedrally coordinated Ti (VI) was mainly introduced as extra-framework species. Ti-MCM-Wn, prepared from Ti-source in aqueous solution, gave high surface area and partially deteriorated 2d-hexagonal structure. Tetrahedrally coordinated Ti (IV) species was selectively incorporated into the framework of the Ti-MCM-Wn samples. Catalytic activity for oxidation reactions of cyclohexene and selectivity to the formation of cyclohexene oxide were correlated with the concentration of Ti (IV) species and the fraction of Ti (IV) in titanium species located at the surfaces of the pores in the Ti-MCM catalysts, respectively.
Introduction
It has been found that Ti-MCM-41 samples, i.e. titanium incorporated into the framework of mesoporous MCM-41, are effective in selective oxidation of bulky organic compounds [1] [2] [3] . In the conventional hydrothermal synthesis of Ti-MCM-41, tetraethyl orthosilicate (TEOS) and titanium alkoxides were used as silicon and titanium sources, respectively. Recently, a novel method to synthesize Ti-MCM-41 with inorganic titanium salts has been reported [4] . In these direct synthesis methods, hydrolysis of titanium species must be controlled carefully in order to maintain titanium species with specific oxidation states, i.e. tetrahedrally coordinated Ti species, Ti (IV). Much attention has been focused on the preparation of Ti-MCM-41 with higher titanium content, since catalytic activity for selective oxidation reactions increase with the amount of titanium species introduced in Ti-MCM-41 catalyst. Post-synthesis treatments of MCM-41 with titanocene [5] or titanium alkoxide [6, 7] as grafting reagents can be used to yield Ti-MCM-41 samples. An extension of the well-known TS-1 preparation methods such as atom planting using TiC14 to the post-synthesis of mesoporous redox molecular sieves has also been proposed [8] . In spite of these efforts, pore walls of mesoporous Ti-MCM-41 are not fully ordered structure such as silicate counterparts of microporous zeolites and the content of Ti in Ti-MCM-41 was limited.
In the present study, effect of solvent for titanium source on the structure and textural properties of Ti-MCM-41 was studied. Cationic surfactant, hexadecylpyridinium chloride (HDPC), 98%, obtained from Tokyo Kasei was used as template materials. Tetraethyl orthosilicate (TEOS), 96%, purchased from Tokyo Kasei was used as a silica source. Titanylacetylacetonate (TiO(CH3COCHCOCH3)2), 98%, and ammonium titanyloxalate monohydrate (NH4)2TiO (C2H4)2 H2O), 99.99% obtained from Tokyo Kasei and Aldrich, respectively were used as Ti sources. These reagents were used without further purification.
Synthesis of purely siliceous MCM-41
Purely siliceous MCM-41 was prepared following the rapid room-temperature synthesis described in the literature [9, 10] . In order to adjust the pH of a surfactant solution below 1.0, appropriate amounts of hydrochloric acid were poured into a 0.06 M HDPC aqueous solution (0.042 mol of HDPC in 700 mL of distilled water). The solution of TEOS was added dropwise into the surfactant solution at 313 K under vigorous agitation until HDPC/TEOS molar ratio equals to 0.12. The reaction mixture was aged under a vigorous stirring at ambient temperature for 5 h to prepare white solid product. The resultant product was filtered and washed with a large amount of distilled water. Then, the product was dried at 383 K for 16 h and calcined at 823 K for 6 h to prepare the purely siliceous MCM-41 (PSMCM-41) that was used as a starting material in the post-synthesis of Ti-MCM samples. materials. It is speculated that silanol groups still remain on the sample due to the insufficient condensation during the rapid room-temperature synthesis, since the decrease in the structural ordering was observed for the samples post-treated in the aqueous media. On the contrary, adsorption isotherms of N2 for Ti-MCMTn samples were almost similar to that of PSMCM and they were characterized as type IV isotherm in BDDT (Brunauer, Deming, Deming, and Teller) classification. Textural parameters such as d (100) spacing, specific surface area, pore volume, mean pore diameter and wall thickness for the samples are summarized in Table 1. 3.2. Coordination states of titanium species in the Ti-MCM samples The Ti 2p3/2/Ti 2p1/2 XPS spectra for Ti-MCM-T3 and Ti-MCM-W3 samples are shown in Figure 3 . In each spectrum, a distinct asymmetry can be observed in both peaks, Ti 2p3/2 /Ti 2p1/2, indicating the presence of more than one environment for Ti atoms. Curve fitting was possible with three components for each peak. The central peak (at 458.8/464.5 eV) is consistent with titanium with octahedral coordination environment of titanium oxide, Ti (VI) [12, 13] , which is highly dispersive and presumably present on extra-framework position at the surface of the channels of mesoporous MCM-41, since no anatase peak was detected in XRD patterns for Ti-MCM-T3 and Ti-MCM-W3 samples. Binding energy of the second component (460.1/465.8 eV) coincides with titanium in tetrahedral coordination, Ti (IV) [12, 13] , which means the incorporation of titanium atoms into the framework of the mesoporous Ti-MCM samples. Finally, the third component of the Ti 2p3/2/Ti 2p1,(at 456.9-457.4 / 462.6-463.1 eV) matches the binding energy of a cubic TiO with a NaC1 structure (octahedral Ti) and a long Ti-0 bond length of 0.209 nm [14, 15] , namely octahedrally coordinated Ti species, TiO (VI). The TiO (VI) species is probably located at surface of the pores as extraframework titanium oxide species, since no cubic TiO crystallites was detected in XRD profile for the Ti-MCM samples. Distribution of Ti species and surface Si/Ti ratio for Ti-MCM samples are listed in Table 2 . Relative sensitivities for Si and Ti in XPS were 0.17 and 1.10, respectively [11] . In the present study, titanium incorporated in the mesoporous MCM-41 by the postsynthesis was not distributed uniformly within the pore walls, but likely to locate near the surface of the pore walls, since Si/Ti ratios of surfaces in Table 2 were smaller than those of bulk for Ti-MCM samples in Table 1 . Although small amounts of Ti (VI) and TiO (VI) were present, main component in Ti-MCM-Wn samples was Ti(IV) and its percentage increased with increasing Ti content. In contrast, Ti (VI) and TiO (VI) were mainly detected in Ti-MCM-Tn samples. These results indicate that Ti species in Ti-MCM samples appears to depend on the sources of titanium, i.e. Ti (VI) and TiO (VI) as surface oxide of titanium species are originated preferably from Ti source in toluene solution, while Ti (IV) is favorably formed from Ti source in aqueous solution. produced through the epoxidation of cyclohexene. Cyclohexanediol, cyclohexenol, and cyclohexenone were also detected. Conversion of cyclohexene and selectivity to cyclohexene oxide are shown in Table 3 . Ti-MCM-Wn catalysts exhibited higher activity for oxidation reactions and higher selectivity to epoxide formation in comparison with those of Ti-MCM-Tn catalysts. Effects of titanium species on the activity and the selectivity of the catalysts for the oxidation of the olefin were examined. Catalytic activity and selectivity of Ti-MCM catalysts were correlated with molar ratios of Ti (IV)/(Si Ti (IV)+ Ti (VI)+ TiO (VI)) and Ti (IV)/ (Ti (IV)+ Ti (VI)+ TiO (VI)), respectively, as shown in Figure  4 . These results support that Ti(IV) species plays a role as the active sites for epoxidation of cyclohexene, which agrees with the results reported in the literatures [1] [2] [3] [4] . Activity and selectivity for the production of cyclohexene oxide in the present study were higher than those described in the literature [16] . However, selectivity to cyclohexene oxide formation was not high enough, mainly due to consumption of the compound through hydrolysis reactions to produce cyclohexanediol. Dehydration reactions of cyclohexanediol led to the formation of cyclohexenol and cyclohexenone in subsequent reactions, which also affects the low selectivity to the epoxide formation. It has been known that consumption of cyclohexene oxide through these secondary reactions proceeds in the presence of the aqueous H202 [16, 17] Ti ( 
Conclusion
Ti-MCM-Tn samples with high surface area, large pore volume and well-defined 2d-hexagonal structure were prepared from the titanium source dissolved in toluene solution. In the preparation, Ti (VI) were mainly introduced to Ti-MCM-Tn as extraframework titanium species. On the contrary, Ti-MCM-Wn samples with high surface area, smaller pore volume and partially deteriorated 2d-hexagonal structure were synthesized in the post treatment of MCM-41 using Ti source in aqueous solution. Although a small amount of Ti (VI) species was yielded, Ti (IV) was selectively incorporated into the framework position of the Ti-MCM-Wn samples. Catalytic activity for oxidation of cyclohexene and selectivity to the formation of cyclohexene oxide were correlated with the concentration of Ti (IV) species and the fraction of Ti (IV) in titanium species located at the surface of the pore walls for the Ti-MCM catalysts, respectively.
